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Biological controla b s t r a c t
The efﬁcacy of a fungal formulation based on the nematophagous fungus Duddingtonia ﬂagrans was
assessed in the control of cattle trichostrongyles. Twenty male Nellore calves, six-month-old, divided
in two groups (fungus-treated and control without fungus) were fed on a pasture of Brachiaria decumbens
naturally infected with larvae of bovine trichostrongyles. Animals of the treated group received doses of
sodium alginate mycelial pellets orally (1 g/10 kg live weight, twice a week), for 12 months. Feces sam-
ples were collected for egg count (eggs per gram of feces–EPG) and coprocultures during 12 months.
There was a signiﬁcant reduction in EPG (56.7%) and infective larvae (L3) in coprocultures (60.5%) for ani-
mals of the treated group in relation to the control group at the end of the study. There was a signiﬁcant
reduction of L3 (64.5%) in herbage samples collected up to 0–20 cm from fecal pats and 73.2% in distant
samples (20–40 cm) between the fungus-treated group and the control group. The treatment with
sodium alginate pellets containing the nematode trapping fungus D. ﬂagrans reduced trichostrongylid
in tropical southeastern Brazil and could be an effective tool for biological control of this parasitic nem-
atode in beef cattle.
 2012 Elsevier Inc. Open access under the Elsevier OA license.1. Introduction
Brazil is the world’s largest beef exporter with the world’s larg-
est commercial cattle herd (USDA, 2011). The beef cattle industry
in Brazil is based on grass-fed animals in which the Nellore breedsevier OA license. 
s).predominates. This constitutes an important advantage for Brazil-
ian beef exportations because the demand for natural beef has
been expanding in the world market. In addition, Brazilian packing
plants regulate the use of antibiotics, especially ionophores used as
growth promoters, and the use of any implant or beta-agonist for
cattle is forbidden in Brazil (Millen et al., 2011). But the high inci-
dence of parasites causes the reduction in production and produc-
tivity of the herd.
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way to control nematode parasitism, but strains of nematodes
resistant to available anthelmintics have emerged. Besides the
problem of resistance, there is growing concern worldwide regard-
ing chemical contaminants in beef as well as the risk of environ-
mental contamination (Sutherland and Leathwick, 2011). Thus,
the importance of biological control increases, as it is an integrated
and sustainable strategy of parasite control (Larsen, 2000). Within
the scene of Brazilian cattle, the biological control using natural
nematode antagonistic fungi is an interesting alternative for the
control of nematode parasitism.
Studies in biological control have aimed to ﬁnd an isolated fun-
gus able to survive the passage through the gastrointestinal tract,
colonize the stool and take effective action on the infective larvae,
be easy to produce on a large scale, have the capacity to survive the
storage period and not to cause harmful effects on the ecosystem
(Waller et al., 1994). Research on nematophagous fungi with po-
tential as biological control candidates have focused on the
nematophagous microfungus Duddingtonia ﬂagrans (Larsen,
2000). The high potential of D. ﬂagrans as a biological agent against
free-living stages of bovine trichostrongylid nematodes has been
documented in several ﬁeld studies (Larsen et al., 1995; Dimander
et al., 2003; Dias et al., 2007; Boom and Sheath, 2008). However,
these studies were conducted with dairy cattle in a season grazing
system in temperate climate. To date, there are no studies con-
ducted with beef cattle on extensive year round grazing system
and tropical climate.
A major challenge in the implementation of nematophagous
fungi for biological control is the development of fungal formula-
tions economically viable and easy to apply. A commonly used
alternative for the application of fungi in the biological control is
oral administration of chlamydospores mixed into the concentrate
and offered as feed to the animals (Larsen, 2000; Knox and Faedo,
2001; Fontenot et al., 2003; Epe et al., 2009). Another alternative
for fungi administration has been the sodium alginate formulation
(Walker and Connick, 1983; Fravel et al., 1985; Araújo et al., 2004).
Sodium alginate formulations containing mycelial mass have been
experimentally evaluated against parasitic nematodes of different
species in laboratory and ﬁeld conditions (Dias et al., 2007; Braga
et al., 2009). Studies with mycelial mass of nematode-trapping fun-
gus Arthrobotrys robusta (Araújo and Sampaio, 2000) and Mon-
acrosporium thaumasium (Araújo et al., 2004) encapsulated in
sodium alginate and given orally to stabled dairy calves resulted
in signiﬁcant reductions of infective larvae of nematodes, but none
of these formulations have been developed using D. ﬂagrans for the
control of parasitic nematodes of beef cattle in the ﬁeld. The aim of
the present study was to test the effect of the fungus D. ﬂagrans
(isolated AC001) in sodium alginate pellets for the biological con-
trol of parasitic gastrointestinal nematodes on beef cattle reared
in extensive systems under the climatic conditions of tropical
Brazil.2. Materials and methods
2.1. Fungal cultures
The isolate (AC001) of D. ﬂagrans, a nematode-trapping fungus
belonging to the genus Duddingtonia, was kept in test tubes con-
taining 2% corn-meal-agar (2% CMA), at 4 C, in the dark. The iso-
late was obtained from a Brazilian soil using the soil sprinkling
method (Duddington, 1955), modiﬁed by Santos et al. (1991). Fun-
gal mycelia were obtained by transferring culture disks (5 mm in
diameter) of fungal isolates in 2% CMA to 250 mL Erlenmeyer ﬂasks
with 150 mL liquid potato-dextrose medium (Difco), pH 6.5, and
incubated under agitation (120 rpm), in the dark at 26 C, for10 days. After this period, the mycelium mass was removed and
weighed in an analytic scale for the future production of the pel-
lets, which were made in a sodium alginate matrix, according to
Walker and Connick (1983) and modiﬁed by Lackey et al. (1993).2.2. In vivo experimental assay
The experiment was conducted at the cattle experimental sec-
tor of the Education Center for Forestry and Agricultural Develop-
ment, Florestal, MG, Brazil, latitude 19530220 0S, longitude
44250570 0W, from May 2010 to June 2011.
In the beginning of the experiment, six-month-old Nellore
calves were previously dewormed with 7.5 mg/kg live weight
Albendazole 10% (Ricover, Brazil). Fourteen days after the anthel-
mintic treatment, the calves were separated into two groups (fun-
gus-treated and control) of ten animals each.
Calves were allocated to two 2.5 ha paddocks of Brachiaria
decumbens, that had been previously grazed by young and adult
calves and were naturally infected with bovine trichostrongyle lar-
vae. Then, each animal of the treated group received twice a week
1 g pellets/10 kg live weight, containing D. ﬂagrans mycelial mass
(0.2 g of fungus/10 kg l.w.) combined with 1 kg of cattle commer-
cial ration. The treatment was offered during 12 months starting
from May 2010. Animals of the control group received 1 g pel-
lets/10 kg live weight without fungus.2.3. Collection and processing of fecal samples
After the calves had been moved to the paddocks, samples of
fresh feces were collected once a week directly from the rectum
to determine egg per gram of feces (EPG), according to Gordon
andWhitlock (1939). Samples of feces were collected from the ani-
mals to observe the growth of the fungi. The feces were placed in
plaques containing water agar 2% and 1000 Panagrellus sp. and
put into an oven, at 25 C, for 10 days.
Coprocultures were carried out with 20 g of feces mixed with
ground, moistened and autoclaved industrial vermiculite (NS Barb-
osa Ind. Com.) and taken to an oven at 26 C, for 8 days, to obtain
trichostrongyle larvae. Larvae were identiﬁed to the genus level as
described by Keith (1953). EPG and larvae recovered from copro-
cultures of animals of both treated and control groups were re-
corded and percentage of larval reduction was determined
according to Mendoza-De-Guives et al. (1999): reduction
(%) = mean L3 recovered from control group  mean L3 recovered
from treated group/mean L3 recovered from control group  100.2.4. Pasture samples
Every 15 days, two herbage samples (0–20 and 20–40 cm away
from fecal pats) were collected from both the treated and control
groups, from each paddock, in a zigzag pattern from six alternated
points, according to Raynaud and Gruner (1982). A 500 g herbage
sample was weighed, and larvae of cattle parasitic nematodes were
recovered from there. The pasture samples were put into a drying
oven at 100 C, for 3 days, for obtaining the dry matter. The data
obtained were transformed in number of larvae per kilogram of
dry matter.2.5. Climate data
Climate data referring to averages of maximum, average and
minimum monthly temperatures and monthly rainfall were daily
recorded in a meteorological station in the area.
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The egg count curves (EPG) originated from the coprocultures,
number of infective larvae recovered from paddocks (L3), correla-
tion between EPG and recovered L3 were compared over the exper-
imental period. EPG data were transformed into log(x + 1) and then
examined by analyses of variance (ANOVA) and Tukey’s multiple
comparison test with 1% probability. The analyses were performed
using the BioEstat 3.0 Software.3. Results
Fig. 1 shows the monthly mean EPG counts. The EPG of animals
treated with D. ﬂagrans was signiﬁcantly lower than that of the
control group, from August 2010 to June 2011. The total EPG differ-
ence between groups was 56.7%. The largest absolute difference
(2600 eggs) was found in February 2011. The largest percentage
difference was 65.4% found in January 2011. In the last month of
the experiment (June 2011), the difference was 53.2%. In the ﬁrst
month of the study (May 2010), the low EPG number was probably
due to the previous anthelmintic treatment. The EPG count began
growing from October, inﬂuenced by temperature and rainfall
which were suitable for the nematode life cycle development (Figs.
2 and 3). The EPG values peaked in February and March 2011 at the
end of the rainy season (Fig. 1).
Fig. 4 shows the coproculture data. There was signiﬁcant differ-
ence between the results of fungus-treated animals and the control
group in September, October, November and December 2010, Jan-
uary, March 2011 with larval reduction of 60.5% after one year of
experiment.
Larvae recovered from coprocultures belonged mainly to the
genera Cooperia sp., Haemonchus sp. and Oesophagostomum sp.
The percentage of nematodes found throughout the study, in the
fungus-treated and control groups were respectively: Cooperia sp.
48.4% and 44.1%, Haemonchus sp. 38.2% and 43.4% and Oesophagos-
tomum sp. 12.1% and 10.4%. Other species found in smaller quanti-
ties in both groups were Bunostomum sp. (0.8% and 1.2%) and
Strongyloides sp. (0.5% and 0.9%), respectively. No signiﬁcant differ-
ence was found in the proportion of different genera between the
treated and control groups.
Fig. 5 shows the number of larvae recovered from paddocks in
the distances of 0–20 cm (Fig. 5A) and 20–40 cm (Fig. 5B) away
from the fecal pats. There was a signiﬁcant difference of 64.5%
for the 0–20 cm samples between the treated group and the con-
trol in August, September, December 2010 and January, March
2011. Signiﬁcant difference of 73.2% was also found for the dis-
tance 20–40 cm from the fecal pats between the treated and theFig. 1. Monthly means (±SD) of eggs per gram of feces of fungus-treated (black
bars) and control animals (gray bars) collected from May 2010 to June 2011, in
Florestal, MG, southeastern Brazil. ⁄Signiﬁcant difference (p < 0.01) between the
treated and the control group.control groups in September, October, November, December 2010
and January, February, June 2011. The number of larvae recovered
20 cm away from the fecal pats differed from that found between
20 and 40 cm. Eighty-four percent of the total number of larvae
was found within 20 cm from the faecal pat. From September
2010 to January 2011, there was an increase in the number of
infective larvae recovered (Fig. 5A and B) from the pastures (rainy
season). In July 2010 and May 2011, the number of recovered lar-
vae in the pasture was almost zero in both groups. This fact was
probably caused by the lack of rain during this period.
The numbers of larvae of Cooperia, Haemonchus and Oesophagos-
tomum of the treated group recovered from pasture had reductions
of 56.1, 52.3 and 43.5%, respectively. During May and June 2010
and April, May and June 2011, the genus Cooperia was the most
prevalent in the paddocks of the two groups. From July 2010, there
was increase in the recovery of Haemonchus and Oesophagostomum
in relation to Cooperia. The occurrence of Oesophagostomum was
higher than Haemonchus in September, December 2010 and Febru-
ary 2011 (during the rainy season) for the two groups.
4. Discussion
According to Raynaud and Gruner (1982) EPG counts allow
monitoring the infection levels in animals and of pasture infestation
by gastrointestinal nematode parasites. Studies on D. ﬂagrans using
horses and ruminants recorded average monthly EPG counts lower
for treated than for non-treated animals in different locations and
climatic conditions: Baudena et al. (2000) for horses in South Loui-
siana, USA; Knox and Faedo (2001) for sheep in Australia; Fontenot
et al. (2003) for ewes in USA; Araújo et al. (2006) for goats in Brazil;
Paraud et al. (2007) for goats in France; Braga et al. (2009) for horses
in Brazil. The efﬁcacy ofD. ﬂagrans against gastrointestinal parasites
was demonstrated for cattle by Dimander et al. (2003), in which the
EPG count decreased approximately 50%. These ﬁndings are consis-
tent with results of the present work, conﬁrming the action of the
fungus against the infective forms in the fecal environment and
consequent decrease in EPG. Araújo et al. (2004) observed a gradual
EPG reduction in calves treated withM. thaumasium in sodium algi-
nate pellets, obtaining signiﬁcant reductions from the fourthmonth
after application. The results in Fig. 4 indicate that D. ﬂagrans acts
directly on the infective larvae of trichostrongyles present on the
pasture leading to a lower parasitic infection in the animals treated
with the fungus (Araújo et al., 2006).
Results of coprocultures revealed the occurrence of Cooperia,
Haemonchus and Oesophagostomum over the experimental period
(May 2010 – June 2011). This result is in accordance to Dias
et al. (2007) that reported Cooperia spp. and Haemonchus spp. as
the most prevalent cattle parasite genera in Brazil, followed by
Oesophagostomum spp.. The importance of these parasites for the
cattle production is directly related with a reduction in weightFig. 2. Maximum, average and minimummonthly temperatures (C) recorded from
May 2010 to June 2011, Florestal, MG, Brazil.
Fig. 3. Monthly rainfall (mm3) recorded fromMay 2010 to June 2011, Florestal, MG,
Brazil.
Fig. 4. Mean monthly number of trichostrongylid larvae recovered from coprocul-
ture of fungus-treated and control animals collected from May 2010 to June 2011.
⁄Signiﬁcant difference (p < 0.01) between the treated and the control group.
Fig. 5. Monthly counts (±SD) of the number of infective nematode larvae per
kilogram of dry matter recovered from pastures of fungus-treated and control
animal collected in sampling distances up to 20 cm (A) and 20–40 cm (B) from fecal
pats, from May 2010 to June 2011, Florestal, MG, Brazil.
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gastrointestinal nematode parasites have developed to anthelmin-
tics (Sutherland and Leathwick, 2011).
Araújo et al. (2004) demonstrated that the fungus D. ﬂagrans is
not selective for a particular parasites species, which was con-
ﬁrmed in this study. These variations in the proportion of the gen-
era may probably be related to variations in climatic conditions.
Regarding the biological control, all genera showed reduction
when comparing the treated with the control groups.
Fig. 5 shows that the number of larvae found within 0–20 and
20–40 cm away from fecal pats is directly related with the action
of nematophagous fungi against the L3 present in pastures, sug-
gesting that D. ﬂagrans accounted for the satisfactory reduction
of environmental contamination (Araújo et al., 2004). Peña et al.
(2002) reported reduction of more than 90% of L3 present in fecal
pats of ruminants using D. ﬂagrans. Fontenot et al. (2003) also dis-
cussed that D. ﬂagrans decrease infection forms of gastrointestinal
nematode parasites in pasture, avoiding contamination of new ani-
mals entering these sites. Clinical parasitism does not occur when
biologic control for nematophagous fungi is applied, because a re-
duced quantity of larvae is available to the animals, sufﬁcient for
natural immunity to develop (Araújo et al., 2006).
In the present study, the largest number of L3 was recovered
within the distance 0–20 cm away from the fecal pats. This ﬁnding
corroborates those by Dias et al. (2007), who reported larger num-
bers of larvae recovered within 0–20 cm from fecal pats, conﬁrm-
ing that the few larvae that leave the feces migrate to the
herbage beyond 0–20 cm.
Temperature, relative humidity and rainfall promoted the
development of free-living stages and migration to the herbage.
The optimum temperatures for development of most cattlenematode Trichostrongylidae are between 20 and 30 C (O’Connor
et al., 2006) and the optimum temperature for growth and preda-
tory activity of nematophagous fungi is between 20 and 30 C (Su
et al., 2007). Average temperatures from 16 to 20 C are suitable for
the development of most larvae of cattle parasitic nematodes in
pastures. In the climatic conditions of this study, the temperature
had no effect in limiting larvae development because the average
temperatures observed favor growth and activity of the fungal iso-
late for almost all the experimental period, except during the
months of July 2010 (15.9 C), September 2010 (18.6 C) and June
2011 (18.2 C), whose average temperatures were relatively low.
From May to July 2010 and April to June 2011 (dry season), the
rainfall was below 50 mm. The minimum rainfall required for lar-
vae development in the environment is 50 mm (Boom and Sheath,
2008). However, some studies in Brazil have shown that for some
nematode larvae, the moisture content in feces and precipitation
from 5 to 7 mm is sufﬁcient for their development and subsequent
migration to pasture.
During June 2010 and June 2011, the temperature and rainfall
were unfavorable for the development of larvae in pastures. Al-
most no larvae were recovered in the pastures in these months,
but even when the rainfall was very low or zero, there was reinfec-
tion of the animals, because the larvae were recovered in the feces.
These results indicate that the moisture in the fecal pat allows the
development of free-living stages of nematodes and that a low
rainfall is sufﬁcient for the development and larval migration to
the pastures.
Van Dijk et al. (2009) discussed that infection levels are highest
during the rainy season and is related to higher humidity, which
favors the development of free-living stages of the parasites and
migration of L3 from fecal pats to adjacent pastures. The low larvae
occurrence on pasture in periods without precipitation and higher
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with these observations. The developmental stage from eggs to
L3 occurred throughout the year and migration from fecal pats to
pasture is proportional to rainfall. Months with restrictive rainfall
hinder self re-infection, thus the number of larvae recovered from
pasture was lower. Also, according to Van Dijk et al. (2009), calves
might be infected throughout the year in tropical climates, since L3
are always present in the pastures and the grass type can affect lar-
val recovery. Langrova et al. (2003), in central Europe, suggested
that L3 respond to rain through dispersion within the vegetation,
occuring a moderate correlation between moisture and L3 number
in the pasture. Baudena et al. (2000) discussed that the survival of
these parasites in the environment is strongly related with temper-
ature and that few larvae would be found in feces in the tropical
summer. The author recorded ﬁeld data in southern Louisiana, a re-
gion with subtropical climate in The United States, appearing that
there is a larger number of L3 in the pasture in months with mild
temperatures. This agrees with the results found in this study, in
which the largest number of larvae recovered in pastures was
found during months of mild temperatures (Fig. 5).
It is likely that the reduction in the EPG in the treated group was
caused by the application of the D. ﬂagrans nematophagous fungus,
that when acting on the free living forms of the nematodes, de-
creased pasture contamination and consequently of risk of reinfec-
tion in the paddock where the animals were treated with the
fungus. These results are similar to those reported by Larsen
et al. (1995) and Dimander et al. (2003), who studied the effect
of the application of the D. ﬂagrans on gastrointestinal nematodes
of cattle.
5. Conclusion
Treatment of beef cattle with pellets containing mycelial mass
of the nematophagous fungus D. ﬂagrans can be effective to control
trichostrongyles in tropical southeastern Brazil. This is the ﬁrst
study of biological control using an isolate of D. ﬂagrans in tropical
climate and beef cattle. Our results showed that that treatment of
beef calves with sodium alginate pellets containing mycelial mass
administered twice a week reduced the pasture infestation by
infective larvae of nematodes during the rainy and dry seasons in
the southeastern Brazil. The ﬁndings of this study are encouraging
for the use of nematophagous fungi in the biological control of the
gastrointestinal nematode of beef cattle in natural conditions.
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